A series of precise data consisting of zircon U-Pb ages, whole-rock with K-feldspar megacrysts. The U-Pb zircon ages of biotite adamellite are 220. 
Introduction

36
The Central Asia Orogenic Belt (CAOB), also called the "Central Asian mobile 37 belt", "Central Asian Fold belt" or "Altaids", is one of the largest accretionary 38 orogens on Earth and one of the most important areas for the growth of continental 39 shells, situated at the suture of the European, Siberian, Tarim, and Sino-Korean 40 cratons (Fig. 1a) . The northern margin of the Alxa block is located in the middle of the 41 southern margin of the CAOB and is in the key position connecting the structural However, few studies have been conducted in the northern region of the Alxa block and porphyritic and can be subdivided into two rock types: medium-to coarse-grained 90 biotite adamellite and coarse-grained biotite adamellite with K-feldspar megacrysts.
91
The xenoliths are hornblende diorite and are composed of quartz (~5%), plagioclase 92 (~50%), amphibole (~40%), and biotite (~5%) (Fig. 2a, b) .The medium-to 93 coarse-grained biotite adamellite is composed of quartz (~35%), K-feldspar (~30%), 94 plagioclase (~25%), and biotite (~10%) with accessory zircon, apatite, and magnetite
95
( Fig. 2c, d ). The coarse-grained biotite adamellite with K-feldspar megacrysts consists 96 of quartz (~20%), K-feldspar (~40%), plagioclase (~25%), and biotite (~15%) with 97 accessory zircon, apatite, sphene, and magnetite ( Fig. 2e, f) .
98
Eleven samples were collected from the granitoids of the Huhetaoergai pluton.
99
Samples Ch03 and Ch06 were collected from the Hornblende diorite in the Xenoliths.
100
Samples Ch01, Ch02, Ch04, Ch07, Ch08, Yh22, and Yt21 were collected from the 101 medium-to coarse-grained biotite adamellite, which are similar in texture to the 102 Indosinian granitoids in the study area. Samples Ch05 and Yt20 were collected from then mounted into epoxy resin blocks and polished to obtain flat surfaces. The reduction were the same as described by [8] . Laser sampling was performed using a 232Th (on H2), and 238U (on H4) ion signals. Helium was applied as the carrier gas.
122
Argon was used as the make-up gas and mixed with the carrier gas via a T-connector ICP-MS-DataCal [9] .
128
Zircon GJ1 was used as an external standard for U-Pb dating and was analyzed 129 twice every 5-10 analyses. Time-dependent drifts of U-Th-Pb isotopic ratios were 130 corrected using linear interpolation (with time) for every 5-10 analyses according to the variations in GJ1 (i.e., 2 zircon GJ1 + 5-10 samples + 2 zircon GJ1) [9] . The 132 preferred U-Th-Pb isotopic ratios used for GJ1 were from Jackson et al. (2004 which are consistent with a magmatic genesis [17] [18] .
189
Zircon crystals from sample Ch08 are typically euhedral with lengths ranging 190 from 150 to 300 µm and length-to-width ratios ranging from 1:1 to 3:1. negatively related to SiO2 (Fig. 4) , and the rocks are classified in the high-K 213 calc-alkaline series (Fig. 4i) . All of the studied samples plot in the "subalkalic 214 granites" field on the (K2O+Na2O) vs. SiO2 diagram (Fig. 5a ). Samples Ch03 and (Fig. 5b) .
219
The rocks have moderate alkali contents with all data plotting in the calc-alkaline field 220 (Fig. 5c ). Some rocks are fall into the pure crustal partial melts feild and some show 221 higher Mg # = Mg/(Mg+FeT) than pure crustal partial melts (Fig. 5d) . depletion in high field strength elements (HFSE, e.g., Ti, P, Sr, Ba, and Nb; Fig. 6b ).
229
The chondrite-normalized REE patterns and primitive mantle-normalized trace Yagan -cited from previously published data [21] [22] . (Table 6) , which is not consistent with S-type granite.
263
The granitoids in the Huhetaoergai pluton have relatively low A/CNK ratios (average 264 0.98), and there is a negative correlation between SiO2 and P2O5, which indicates that 265 the rocks are most likely I-type granites [33] [34] . Furthermore, the temperatures for the process of crystal differentiation (Fig. 6a ).
286
The depletions in Ti, P, Sr, Ba, and Nb in the primitive mantle-normalized trace 
304
This result shows that the source of the magma in the northern Ya-Gan fault zone was 305 mixing of crust and mantle.
306
Values of εHf(t) range from 9 to 11.05, which are relatively high, indicating that 307 the magma source was juvenile crust. The variation range for εHf(t) is so narrow that 308 there is no mixing material between the crust and added mantle. The difference in the
309
Hf model ages (TDM2) and (TDM) and the ages of the granitoids is relatively large,
310
which suggests that the granites experienced secondary remelting of juvenile crust but
311
were not directly separated from the mantle. As shown in Fig. 10 , the granitoids also 312 probably originated from juvenile crust, which is discovered for the first time in this 313 paper through the Hf isotopic compositions.
314
One sample with low Nd may have resulted from crustal material being mixed 315 during the ascending process. One other sample plots in the OIB field on Fig. 10 show properties of the crust. Additionally, the loss of Nb is obvious, and we can also 347 rule out the properties of the crust.
348
The εNd values range from -5.5 to -1.1, and old model ages (TDM2) are The low εNd(t) may indicate that the source of the magma was the mantle or the (Table 4) .
390
In the northern Ya-Gan fault belt, from west to east, the Zhuxiaogubuhe, western Table 4 . (Fig. 12a ) [45] [46] [47] [48] . As shown in Table. 3 and Table. Ya-Gan fault remained open at this time, and subduction was ongoing (Fig. 12b ).
417
The Zhuxiaogubuhe and Yagan plutons were generated at 286 Ma and 283 Ma,
418
respectively, in volcanic arc to postcollisional settings in the Permian; these plutons also 419 involved the crystallization and differentiation of magmas from the mixing of mantle 420 and crust (Fig. 12b) . the northern part of the Alxa block [20] .
428
In this paper, two ages (220.5 Ma and 226.5 Ma) were measured in the
429
Huhetaoergai pluton represents an episode of intraplate evolution (Fig. 12c) which led to mountain chain uplift and exhumation of subducted crust. Therefore, the
434
Huhetaoergai pluton was in a compressional setting after a period of extensional 435 postcollisional intraplate evolution, and the formation mechanism of the granites is 436 related to crustal thickening in a compressional setting (Fig. 12c) .
437
Conclusions
438
Based on zircon U-Pb dating, Sr-Nd-Hf isotope measurements, and major and 3) The granitoids of the Huhetaoergai pluton are metaluminous to peraluminous, 
